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Introduction
NR-IAB (Integrated Access and Backhaul) targets to support the NR access link as the backhaul link for other NR node.   
In RAN1#93, the physical layer aspects for IAB were discussed with the following agreements, 
Agreements:
· To support the half-duplex constraint from the perspective of a given IAB node, IAB supports detection and measurement of candidate backhaul links (after initial access) which utilizes resources that are orthogonal in time from those used by access UEs for cell detection and measurement. 
· The following solutions can be further considered:
· TDM of SSBs (e.g. depending on hop order, cell ID, etc.)
· SSB muting across IAB nodes 
· Multiplexing of SSBs for access UEs and IABs within a half-frame or across half-frames 
· Additional IAB node discovery signal TDM with SSB (e.g. CSI-RS)
· Use of off-raster SSBs
· Different transmission periodicity compared to the periodicity used by access UEs
· Further study coordination mechanisms for different solutions

Agreements:
· IAB supports SSB and CSI-RS based RRM measurements. The following features can be considered:
· Mechanisms for coordination of RS transmission and measurement occasions for IAB nodes 
· Enhancements of SMTC and CSI-RS configurations for IAB 
· An IAB-node supports mechanisms for detecting/recovering from backhaul link failure based on Rel-15 mechanisms.
· Study enhancements to RLM RS and associated procedures for IAB
Agreements:
· IAB supports TDM, FDM, and SDM between Access and BH links at an IAB node, subject to a half-duplex constraint. Further study the following solutions for the different multiplexing options:
· Mechanisms for orthogonal partitioning of time slots or frequency resources between access and backhaul links across one or multiple hops
· Utilization of different DL/UL slot configurations for access and backhaul links
· DL and UL power control enhancements and timing requirements to allow for intra-panel FDM and SDM of backhaul and access links.
· Interference management including cross-link interference
· Note: the level of required enhancement or optimization for the different options is FFS
Agreements:
· IAB supports TA-based synchronization between IAB nodes, including across multiple backhaul hops
· Enhancements to existing mechanisms can be further studied
· The following cases should be further studied:
· Case 1: DL transmission timing alignment across IAB nodes and donor nodes
· Case 2: DL and UL transmission timing is aligned within an IAB node
· Case 3: DL and UL reception timing is aligned within an IAB node
· Case 4: within an IAB node, when transmitting using case 2 while when receiving using case 3
· Case 5: Case 1 for access link timing and Case 4 for backhaul link timing within an IAB node in different time slots
· Further study the following levels of alignment between IAB nodes/donor nodes or within an IAB node:
· Slot alignment
· Symbol-level alignment
· No alignment
· Further consider the impact of different cases on TDM/FDM/SDM multiplexing of access and backhaul links, cross-link interference, and impact on access UEs

Agreements:
· Study mechanisms for multiplexing of RACH transmissions from UEs and RACH transmissions from IAB nodes.

Agreements:
· Downlink IAB transmissions (transmissions from an IAB node to child IAB nodes and UEs directly under the IAB node) should be scheduled by the IAB node itself.
· Uplink IAB transmission (transmissions from an IAB node to its parent node) should be scheduled by the parent node.
· Semi-static (on the timescale of RRC signalling) should be supported for resource (frequency, time in terms of slot/slot format, etc.) coordination between IAB nodes. 
· The following aspects should be further studied:
· Distributed or centralized coordination mechanisms
· Resource granularity of the required signalling (e.g. TDD configuration pattern)
· Exchange of L1 and/or L3 measurements between IAB nodes
· Exchange of topology related information (e.g. hop order) impacting RAN1 study
· Resource (frequency, time in terms of slot/slot format, etc.) coordination which is faster than semi-static coordination

Agreements:
· CLI mitigation techniques including advanced receivers and transmitter coordination should be studied and prioritized in terms of complexity and performance.
· CLI mitigation techniques should be able to manage the following inter IAB node interference scenarios:
· Case 1: Victim IAB node is receiving in DL in the backhaul link, interfering IAB node is transmitting in UL in the backhaul link.
· Case 2: Victim IAB node is receiving in DL in the backhaul link, interfering IAB node is transmitting in DL in the access link.
· Case 3: Victim IAB node is receiving in UL in the access link, interfering IAB node is transmitting in UL in the backhaul link.
· Case 4: Victim IAB node is receiving in UL in the access link, interfering IAB node is transmitting in DL in the access link.
· Note: In this case access links include links to and from the IAB node to child IAB nodes and UEs which are served by the IAB node
· CLI measurements such as short-term and long term measurements, and multiple-antenna and beamforming based measurements should be studied to enable CLI mitigation in IAB.
· Mechanisms for inter IAB node CLI measurement need to be able to capture Cases 1-4. 

Agreements:
· Interference experienced at the IAB node in case of FDM/SDM reception between access and backhaul links at a given IAB node should be further studied.

In this contribution, we discuss the NR physical layer design aspect in support of NR-IAB.  
Physical Layer Design for NR-IAB
The requirements and aspects in the IAB study in [1] are as follows, 
· Efficient and flexible operation for both inband and outband relaying in indoor and outdoor scenarios 
· Multi-hop and redundant connectivity
· End-to-end route selection and optimization
· Support of backhaul links with high spectral efficiency
· Support of legacy NR UEs

The IAB system is designed based on the NR air interface for the backhaul link as shown in Figure 1.  The integrated access backhaul system dynamically allocates the NR radio resources for both the UE access and the backhaul link of another gNB. We could see from Figure 1that the Donor gNB provide both UE access and backhaul access to the IAB node, which is another gNB with wireless backhaul link from the Donor gNB.   The IAB node is considered as a distributed Unit (DU) to the Donor gNB with F1+ protocol running on top of the Uu access link.  Other UEs would share the same radio resources with the IAB node for the wireless network access to the Donor gNB.   The IAB node is a gNB, which also provides the wireless network services to its own UEs.   
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Detection of Backhaul Links and Dynamic Switching
The system design for integrated access and backhaul feature is to fully utilize the NR physical layer design as the wireless physical link for the backhaul access of the IAB node.  The NR physical layer would provide the data transportation of backhaul access, similar to that provided by fiber optic or Gigabit Ethernet.   For the operation of a gNB, the backhaul access needs to be provisioned, configured, and tested before the power-on operation at the air interface.  An IAB-node can follow the same initial access procedure as an access UE, including cell search, SI acquisition, and random access, in order to connect to an IAB node/donor gNB and initially integrate to the network.  The IAB-node does not only need to establish the wireless link between the IAB-node and the donor gNB but also to run the F1 protocol and associate procedures in the IAB setup procedure.  The IAB setup procedure [8] was agreed in RAN3#NR AH1802 with the following exampled procedures captured in the TR,

1. IAB node’s integration procedure phase 1: IAB-node MT part setup. In this phase, IAB node MT part connects the network as a normal UE, such as IAB node MT part performs RRC connection setup procedure between donor-CU, authentication and PDU session establishment between OAM, IAB node MT part related context and bearer configuration in RAN side,  and etc. For CP alternative 2 and alternative 4 for 1a and 1b, the intermediate IAB node DU part encapsulates the related RRC messages of the IAB node MT part in F1-AP messages. 
2. IAB node’s integration procedure phase 2-1: Routing update. In this phase, the routing information are updated for all related IAB nodes due to the setup of IAB node.
3. IAB node’s integration procedure phase 2-2: IAB node DU part setup. For CP alternative 2 and alternative 4 for 1a and 1b, the IAB node’s DU part performs F1-AP setup procedure. For other CP alternatives how to perform this phase is FFS.
4. IAB node’s integration procedure phase 3: The IAB-node provides service to UEs or to other integrated IAB-nodes. 

After initial access, the IAB node would support the detection and measurements of candidate backhaul links after initial access and RRC connection setup procedure to the donor gNB with the half-duplex constraint.   The IAB node would be verified and authenticated by operator through RRC signaling and establishes IP connectivity.  The routing information of all related IAB nodes are updated due to the new established of an IAB node.  The backhaul access of an IAB-node is selected and provisioned, configured, before the air interface starts providing service to its UEs for the network access.  If the backhaul resource of an IAB node could be guaranteed, the IAB-node has to buffer all UL data arrival.  This will not only increase the latency of end-to-end data transmission but also potential data dropping at the IAB-node when the UL data arrival rate is over than the buffer size.  

It was agreed that IAB supports detection and measurement of candidate backhaul links (after initial access) for dynamic switching of backhaul links.   The radio resource for the backhaul link measurements would be configured with respect to the candidate donor gNB.   With the half duplex constraint, the radio resource for the IAB node to measure the backhaul link should be an UE-specific RS configuration to avoid potential cell-specific radio resources, which could be synchronized in transmission to the UE among donor gNBs and IAB nodes.   The radio resource used for the candidate backhaul link measurements by the IAB node should coordinate in configuration among candidate donor gNBs to allow simultaneous measurements from multiple backhaul links, which include the serving and target donor gNBs.  Using SSB in TDM/FDM with/without muting would have the limitation on the number of candidate backhaul link to measure.   Since IAB node would be considered as an UE in CONNECTED state, CSI-RS resource for CSI or RRM measurements should be good reference signals for backhaul link measurements.  The configuration of CSI-RS resources for IAB node backhaul link measurements is similar to UE CSI measurements from multiple beams for beam managements or CoMP.   Multiple NZP and ZP CSI-RS resources could be configured as the reference for backhaul link measurements of any candidate backhaul link and interference mitigation of non-measure backhaul links respectively to allow IAB node to measure multiple candidate backhaul links in the same time.  

Proposal 1:  Multiple NZP and ZP CSI-RS resources could be configured as the reference for backhaul link measurements of any candidate backhaul link and interference mitigation of non-measure backhaul links respectively to allow IAB node to measure multiple candidate backhaul links in the same time.  


The CSI-RS resource configured for the measurement of candidate backhaul links could be also used for RRM measurements with coordination of NZP and ZP CSI-RS resources configurations among candidate backhaul links by serving gNB.  The CSI-RS resource configured for beam management or CSI measurements from the donor gNB should be reused for RRM measurements of IAB backhaul links as well as RLM measurements.  

Proposal 2:   The CSI-RS resource configured for beam management or CSI measurements from the donor gNB should be reused for RRM measurements of IAB backhaul links as well as RLM measurements.  


If the dynamic switching of the donor gNB is supported, the whole IAB setup procedure with another gNB or IAB nodes needs to be performed and the routing table of the alternative donor gNB needs to be stored by all related IAB nodes as shown in Figure 2. The IP connectivity of alternative donor gNB would be configured to associate with its radio link and stored in the table.  When the serving donor gNB is switching to the target gNB, the routing function will re-route to the new destination IP address.   The IP connectivity associated with target backhaul link needs to be tested and confirmed autonomously when the backhaul link switches from current serving donor gNB to the target donor gNB before the backhaul data could be carried by the new backhaul link.     
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Proposal 3:  The IP connectivity associated with target backhaul link needs to be tested and confirmed autonomously when the backhaul link switches from current serving donor gNB to the target donor gNB before the backhaul data could be carried by the new backhaul link.     

Multiplexing of Access and Backhaul Links and Interference Mitigation scheme
It was agreed in RAN1#93 that IAB node supports multiplexing of access link and backhaul link in TDM, FDM, and SDM with half-duplex constraint.    For inband operation of backhaul link and IAB Uu access link, the transmission side lobe would cause the self interference when one link is in transmission and the other link is in reception.   The half duplex constraint is to avoid self interference for inband operation.  The antenna of Uu link and the antenna of the backhaul link need to be separated and isolated to contain the interference generated by side lobe.  If there is no antenna isolation, the transmission and reception of backhaul link and Uu link needs to be coordinated in time to minimize the self interference cause d by the side lobe.   The IAB node would have symbols in transmission or reception in the same time on both access link and backhaul link.   
Since NR system is flexible in the system configurations, such as numerologies, DL/UL configuration, and HARQ timing, the better interference mitigation scheme is to have coordination DL/UL configuration between the access link and backhaul link.    The interference mitigation scheme for the IAB node is to coordinate the DL/UL transmission with the donor gNB to avoid the IAB DL transmission in the access link colliding with DL reception in the backhaul link or UL repletion at the access link interfered by the UL transmission to the backhaul link at IAB node.  If DL/UL slot format of the donor gNB is semi-statically configured by RRC as shown in Figure 3, the IAB node could receive the DL/UL slot format configuration during the initial setup of the IAB node.   The interference mitigation scheme is for IAB node configure DL/UL slot formats with the shift of the slot boundary to avoid reception in one link and transmission in another link in the same time as shown in Figure 3.   

If the DL/UL slot formats are configured dynamically at the donor gNB with SFI indicated on group common PDCCH, the IAB can played the role as the UE and decoding the group common PDCCH and determine its DL/UL slot format as shown in Figure 4.   In Figure 4, the slot boundary at IAB node delayed a few symbols to start after the DL transmission from the backhaul link with the access link slot format dynamic adjusted each slot based on SFI received from donor gNB.   From Figure 3 and Figure 4, the interference mitigation for IAB could be achieved by implementation with the DL/UL slot configuration at the IAB node is semi-static or dynamic assigned based on the DL/UL slot configuration of the donor gNB without any standard specification.  

Proposal 4:  The interference mitigation for IAB could be achieved by implementation with the DL/UL slot configuration at the IAB node is semi-static or dynamic assigned based on the DL/UL slot configuration of the donor gNB without any standard specification 



[bookmark: _Ref520220610]Figure 3: Semi-static slot format configuration for donor gNB and IAB node


[bookmark: _Ref520232727]Figure 4: Dynamic slot format configuration through SFI on Group common PDCCH

We can see from Figure 3 and Figure 4 that the slot boundary of the IAB node should be shifted a few symbols with respect to the slot boundary of the donor gNB in order to avoid self interference between access link and backhaul link when one link is transmitting and the other link is receiving.   For the UL transmission on the backhaul link, the transmission time would be determined by TA command from the donor gNB, which the TA is derived from the propagation delay.   For IAB backhaul link, the propagation delay should be steady since the IAB node is stationary.   Thus, the minimum time interval for the UL transmission time in advanced in the backhaul link could be provisioned and included in the computation of the number of symbols for the GP within the slot.   Thus, the slot boundary of the IAB node and the donor gNB should be aligned with integer multi-symbol shift.   Since each IAB node is to align the slot with symbol shift from its donor gNB semi-statically, it would be beneficial if the number of the OFDM symbols shift is configured to be the same.  This would minimize the co-channel interference for UEs covered by neighboring IAB nodes.   

Proposal 5:  The slot boundary of the IAB node and the donor gNB should be aligned with integer multi-symbol shifts.   The number of the OFDM symbol shifted at the slot boundary of the IAB node should be configured to be the same for all IAB nodes in the cluster.   



Configuration of Cell ID
If the IAB-node is configured with the same cell ID as that of the Donor gNB, the IAB-node and the Donor gNB need tight coordination in scheduling and transmission similar to beam management coordination among distributed TRPs.   In the mean time, the wireless link between the IAB-node and the Donor gNB would be running F1 interface for the CU-DU link and not the NG interface of the backhaul link if the IAB-node and the Donor gNB share the same cell ID.  The advantage of the IAB-node and the Donor gNB sharing the same cell ID is for UE to perform implicitly combining of signals transmitting from both nodes.  However, the IAB-node would not be able to transmit to its serving UEs during the time of receiving the backhaul link from the Donor gNB if the backhaul antenna and Uu antenna are not isolated to minimize the self interference.  The IAB-node and the Donor gNB could not transmit the same data in the same time for UE to perform coherent/non-coherent combining of data.   The current IAB architecture supports the several alternatives, which only the cell ID of the IAB-node is different to that of the gNB.   Thus, the IAB study should confine to the case that the IAB-node and the Donor gNB have different cell ID.  

Proposal 6:  The IAB study should confine to the case that the IAB-node and the Donor gNB have different cell IDs.  
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The over-the-air synchronization (OTA) techniques for node synchronization have been discussed in UMTS Rel-99 and in LTE Rel-12/14.  The OTA synchronization is to have a slave node synchronized with the master node.  For IAB system, the IAB-node plays the role as an UE to synchronize with the Donor gNB.  The node synchronization accuracy in the IAB system depends on the quality of backhaul link and the frequency stability of local oscillator at both the Donor gNB and the IAB-node.  The interference and noise of the backhaul link would incur the synchronization error.  The drifting of the local oscillators at the Donor gNB and the IAB-node would double the synchronization error when the IAB-node would use the DL signals from the Donor gNB as the reference time.   The synchronization error would propagate when the network access timing at the IAB-node is derived from the backhaul timing, which is synchronized with the Donor gNB.  The OTA techniques would not achieve the accurate node synchronization for the IAB system.  To achieve desired accuracy of nodes synchronization across IAB nodes in the clusters, the IAB-donors should be synchronized with absolute reference resources, such as GPS/GNSS. 

Proposal 7: The OTA techniques would not achieve the accurate node synchronization for the IAB system.  To achieve desired accuracy of nodes synchronization across IAB nodes in the clusters, the IAB-donors should be synchronized with absolute reference resources, such as GPS/GNSS. 


Conclusion
In this contribution, we provide some analysis on the system design aspect in support IAB in NR with the following proposals:
· 
· Proposal 1:  Multiple NZP and ZP CSI-RS resources could be configured as the reference for backhaul link measurements of any candidate backhaul link and interference mitigation of non-measure backhaul links respectively to allow IAB node to measure multiple candidate backhaul links in the same time.  
· Proposal 2:   The CSI-RS resource configured for beam management or CSI measurements from the donor gNB should be reused for RRM measurements of IAB backhaul links as well as RLM measurements.  
· Proposal 3:  The IP connectivity associated with target backhaul link needs to be tested and confirmed autonomously when the backhaul link switches from current serving donor gNB to the target donor gNB before the backhaul data could be carried by the new backhaul link.     
· Proposal 4:  The interference mitigation for IAB could be achieved by implementation with the DL/UL slot configuration at the IAB node is semi-static or dynamic assigned based on the DL/UL slot configuration of the donor gNB without any standard specification 
· Proposal 5:  The slot boundary of the IAB node and the donor gNB should be aligned with integer multi-symbol shifts.   The number of the OFDM symbol shifted at the slot boundary of the IAB node should be configured to be the same for all IAB nodes in the cluster.   
· Proposal 6:  The IAB study should refine to the case that the IAB-node and the Donor gNB have different cell IDs.  
· Proposal 7: The OTA techniques would not achieve the accurate node synchronization for the IAB system.  To achieve desired accuracy of nodes synchronization across IAB nodes in the clusters, the IAB-donors should be synchronized with absolute reference resources, such as GPS/GNSS. 
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